In order to study the power capability of impeller and energy conversion mechanism of screw centrifugal pump, the methods of theoretical analysis and numerical simulation by computational fluid dynamics theory (CFD) were adopted, specifically discussing the conditions of internal flow such as velocity, pressure, and concentration. When the medium is sand-water two-phase flow and dividing the rim of the lines and wheel lines of screw centrifugal pump to segments to analyze energy conversion capabilities which along the impeller profile lines with the dynamic head and hydrostatic head changer, the results show that the energy of fluid of the screw centrifugal pump is provided by helical segment, and the helical segment of the front of the impeller has played the role of multilevel increasing energy; the sand-water two phases move at different speeds because the different force field and the impeller propeller and centrifugal effect. As liquid phase is the primary phase, the energy conversion is mainly up to the change of liquid energy, the solid phase flows under the wrapped action of liquid, and solid energy is carried out through liquid indirectly.
Introduction
As a new kind of impurity pump, screw centrifugal pump combines the advantages of screw pump and centrifugal pump, and the special structure can bring into play their advantages, sufficiently (Figure 1 ). Comparing with the traditional impurity pump, screw centrifugal pump has a series of strong advantages, such as without clogging, suction performance, adjustment of the performance, and cavitation resistance, and with no load, high efficiency, and high efficiency zone width [1, 2] .
Screw centrifugal pump internal flow apparently shows mixed spiral movement because of the unique structure of impeller, comparing with ordinary centrifugal pumps; there is still much room for efficiency improvement for screw centrifugal pump. Screw centrifugal pump is a typical sandwater two-phase flow pump, due to the different density of the solid and liquid phases, resulting in the slip velocity, which does not only affect the hydraulic performance of the pump, but also makes it easy for the solid particles and over-current surface conflicts caused by the wear of the pump flow parts and other problems [3] [4] [5] . Therefore, the study of mechanism of energy conversion and the analysis of factors that impact the conversion have a great significance for the improvement of efficiency. It is also the primary problem that optimizes the design methods of established impurity pump and advanced design concept.
Performance Testing

Parameters of 150X100LN-32 Type in Screw Centrifugal
Pump. The 150X100LN-32 type screw centrifugal pump is used as a model pump. The main parameters are summarized in Table 1 .
The Establishment of Test
System. Under different working conditions and with different media, the pump test method is a method that uses the test device to make a direct measurement of the performance of the pump. It is the most direct, most effective, and most reliable research method of the pump. The performance test of the screw centrifugal pump is in order to measure the relationship between the flow rate and the pump's head, shaft power, and efficiency and get the complete performance curve.
With the advantages of the open test rig, such as simple structure, easy to use, good cooling conditions, and good stability, in order to operate easily and save the cost, under the test's requirements, this test rig uses an open loop operation and horizontal arrangement, as shown in Figure 2 .
The Drawing of Flow Performance Curve and Analysis.
Through the performance test of the 150X100LN-32 type screw centrifugal pump on the test rig, the outlet pressure, flow rate, torque, and speed are measured, and then the performance curves are drawn and shown in Figure 3 .
As can be seen from Figure 3 , is greatly affected by . It is reflected on the characteristic curve that is like a steep drop of a straight line. Corresponding to the smaller flow rate change, the head should have a greater change. So, the pump of this characteristic curve is very suitable for sewage treatment occasions. As can be seen from the efficiency-flow curve, the optimal condition of 150X100LN-32 screw centrifugal pump is beside the point of = 180 m 3 /h. It is a tendency to the working condition of large flow rate. The maximum efficiency of the pump is 63%. It is close to the design efficiency of 65%. In the flow rate range from = 115 m 3 /h to = 240 m 3 /h, the pump efficiency is higher than 50%. Compared with the general water pump, the screw centrifugal pump shows a low overall efficiency. This is because that the screw centrifugal pump is designed for a two-phase flow pumping. In pumping sand-water two-phase flow, the efficiency of the screw centrifugal pump is higher than that of the other sewage pumps. With a large range, the shaft power curve of the test pump is close to a straight line and rises slightly. When the flow rate reaches = 230 m 3 /h, the shaft power begins to fall. So, the motor will not overload if we select the pump's motor according to the shaft power value of the maximum power point. 
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Theoretical Basis and Modeling
3.1. Theoretical Basis. From the point of view of energy conversion, pump converted mechanical energy into liquid energy by the impeller; so that the liquid state of motion has changed. This paper intended to analyze energy conversion and transfer of mechanical fluid through the Euler equation [6] [7] [8] [9] [10] .
Euler equation is expressed as
As a result, the theoretical energy has the following two parts, the first item is called the dynamic head which is mainly due to the rotation of the impeller. It partially converts into the hydrostatic head after the impeller guide vanes or volutes; the second item and the third item are called the hydrostatic head which is the added value of hydrostatic head when the fluid through the impeller. We divided the obtained by the fluid at the impeller energy into the dynamic pressure and static pressure head, which provides a theoretical basis for numerical simulation to study the acting ability of the impeller. Figure 4 according to the parameters in Table 1 .
Modeling and Meshing. Machine model is shown in
For computational domain, mesh type is unstructured grid, the grid node number of flow channel is 89 403 and the unit number is 507 886, and grid-independent inspection [11] .
Numerical Simulation and Analysis
Instantaneous Efficiency Head and Pump Instantaneous Efficiency in a Cycle Water under the Rated Conditions
(1) According to the numerical simulation of the whole flow passage complex turbulent flow field of the screw centrifugal pump under different conditions, the following formula can be applied to predict the head and efficiency [12] [13] [14] [15] .
The calculation method of instantaneous head (see formula (2)) is as follows:
is calculated as follows:
The calculation method of instantaneous efficiency is as follows: As can be seen from the graph, with the rotating of the impeller, instantaneous efficiency and instantaneous head of pump display a periodic variation that is close to a sine curve, and change trends are almost the same. There are a maximum and a minimum value in a period, and its two extreme value points correspond to the maximum radius around a specific position. Figure 7 (a) is the position of the impeller corresponding to the maximum of the instant head; Figure 7 (b) is the position of the impeller corresponding to the minimum of the instant head. Figure 7 shows the location of impeller when instantaneous efficiency and instantaneous head achieve the maximum and minimum values. Figure 7 (a) shows the impeller position when instantaneous efficiency and instantaneous head achieve maximum value ; we can see that the maximum radius place of the impeller has just turned to the VI section; this is because, with the rotating of the impeller, the volume becomes smaller and compression quantity increases gradually between the maximum radius place and the volute export, which is equivalent to the impeller working within the medium in volute, at the same time, with reflux at the casing tongue. The backflow strengthens and the energy loss increases when the impeller maximum radius place is gradually close to casing tongue. So pump instantaneous head is the largest when impeller turned to as shown in Figure 7 (a) shows position, and the change of torque is very small in the pump running, at the moment, the pump efficiency reached a maximum in a period. Figure 7 (b) shows that instantaneous efficiency and instantaneous head minimum value correspond to the location of the impeller, which the impeller just turned casing tongue in maximum radius the position; this is because the working principle of the screw centrifugal pump is similar to the rotor type volume pump, which is the use of content product changes of pump cylinder to transfer energy and transport liquid. And the screw centrifugal pump between the maximum radius place and volute export volume with the rotation of the impeller change, when the maximum radius place is just after the casing tongue and the volume is the biggest in pump cylinder inside, equivalent to impeller of volute medium power capability of the most weak, so the pump instantaneous head is at its minimum.
Determining the Test Program.
We take piecewise monitoring points of impeller (profile lines shown in Figure 8 ), analyze their work capacity, and complete the following processes [16] [17] [18] . Taking monitoring points along the impeller, their acting ability is analyzed following processes: Establish monitoring points-Numerical simulation-get the monitoring-point parameters (velocity, pressure)-the change of dynamic pressure and static pressure head along the rim and hub. The impeller axis as the axis in Pro/E software, the application of projection method make rim line and wheel line projected on the impeller, the impeller shaft plane projection rotated 36 ∘ with the upper and lower flange and the intersection of the wheel to take the monitoring points in order to get the uniform monitoring points and well reflect the flow field changes along the various parts of the impeller. Monitoring points shown in Figure 9 4.3. Numerical Method. Screw centrifugal pump flow consists of impeller and volute; the surface of the impeller rotating coordinate system is seen as the relative coordinate system, so the flow within the impeller can be regarded as the steady flow, but the internal flow field of the entire flow channel can be regarded as the 3d incompressible stable state turbulent flow field. Boundary conditions of velocity inlet are adopted at the entrance and the boundary conditions of natural outflow are adopted at the exit, at the same time, the boundary condition of the no-slip is adopted at the wall, such as the inlet section, impeller cone section, or volute wall. The region near the wall uses standard wall functions [19] .
To establish continuous equations, N-S equations, and other control equations at the relative coordinate system, we used a standard -turbulence model to close the equations [20] . In this Paper, we adopt the Euler multiphase model since it contains a sand water specific case of the sand-water two-phase flow. In order to save computing time under the premise of ensuring the accuracy as much as possible, the convection terms of discrete first-order up wind scheme, dissipation of the iterative solution of central difference scheme, set the convergence accuracy 10 −5 , pressure-the velocity of iterative solution of the equation use the SIMPLE algorithm. 
The Results of Numerical Simulation.
Transportation of sand-water two-phase flow of screw centrifugal pump of simulation is sandy water that it is common in the test. Water in liquid is the first phase, sand in solid phase is the second phase, the Euler multiphase flow model is chosen; velocity imports conditions of unsteady state along the axial are adopted in computational domain. In the definition of solids volume concentration (vof) assume inlet concentration distribution is uniform and conduct numerical simulation, obtaining the pressure distribution, velocity distribution, the solid concentration distribution, and correlation curve of interior flow of screw centrifugal pump, in which the twophase flow properties are shown in Table 2 .
Results and Analysis of Flow
Field. Through analysis of Figure 10 , the pressure range of the water is broader than the solid liquid two phase flow; this effect is related to the volute. Volute is mainly used for collecting the liquid, guide to discharge pipe, and will eventually convert liquid kinetic energy into static pressure energy. Therefore, when the medium is replaced with sand water of two-phase flow, the pressure on the volute increases. Analysis of Figure 11 shows that, for sand-water twophase flow in the liquid phase and solid phase, the speed range is different at the work surface of impeller, the maxima of liquid phase velocity is significantly larger than that of solid phase, the minimum is smaller than that of the solid phase, the speed range of liquid phase is wider than that of the solid. This is because on one hand the liquid phase is the main phase, while on the other hand sand density is heavy and inertia is larger, so the velocity slip emerges, which also shows that the slip velocity will appear when the impeller works for water sand of two-phase flow.
Energy Conversion Analysis of Impeller.
For the Euler equations, water sand medium of two phases is divided into water and sand (sand diameter = 0.076 mm, volume concentration vof = 20%); then the Euler equations of the two-phase flow are as follows. Figure 12 analyzes that the changes of liquid phase and solid phase pressure head and static pressure head except at the exit centrifugal section where the overall change is basically consistent under the action of impeller and the changes are similar to the single-phase water medium. This is because the solid phase volume concentration and particle diameter are relatively smaller in the simulated condition; solid phase will not generate great impact on flow of the liquid phase. Dynamic pressure head and static pressure head are significantly different in the two phases: the dynamic pressure head of solid phase is higher than that of the liquid phase and the static pressure head of liquid phase is higher than that of the solid phase. This is because, in the work process, due to the different stress field, velocity of solid phase is lower than that of the liquid phase and solid has "relative blocking" effect on channel of liquid flow, so that the liquid flow passage area is relatively narrow and liquid flow distortion velocity increases. In the impeller centrifugal paragraph exit, fluid phase not only by the flow velocity distortion, but also by the volute flow area distortion in the working face and back of either the rim or hub so that the dynamic pressure head and static pressure head get to complicate at the outlet. Among them, the common characteristic is that because the solid particles specific gravity is greater than its pressure value in the liquid flow, the static pressure head changes of liquid flow are significantly faster than those of solids. Except impeller centrifugal section outlet flange back, the pressure static head of work face and back has a sharp decline in the impeller hub exit section. On one hand it is because the pressure of the centrifugal section is maximum in a maximum radius and then as the angle increases the pressure first decreases and then increases, but still less than the pressure of the maximum radius; the main reason is that the working surface of the centrifugal section radial distance becomes short and blade outlet angle is relatively smaller, so that the centrifugal force is less than the maximum radius, so the working is less for fluid; on the other hand centrifugal axial distance is shorter, impeller play the important function on velocity from the axial change to radial at the some time, it generates the energy loss in the maximum radius of back face when solid and fluid into impeller domain. At different degree, the dynamic pressure head and the pressure head are reduced at the outlet of impeller.
The Influences of the Two-Phase Flow Medium on Energy
Conversion. Under the design conditions, in addition to simulated two-phase flow volume concentration vof = 20%, = 0.076 mm, simulated volume concentrations were 40% and 60%, and diameters were 0.5 mm and 1 mm two-phase flow, in order to analyze the effects of media on energy conversion.
The Influences of the Particle Diameter of Solid Phase in Two-Phase Flow Medium on Energy Conversion.
Compare the particle diameters of 0.076 mm and 1 mm and the changes of the dynamic pressure head and the static pressure head of liquid phase and solid phase with angle changes. It can be seen from Figure 10 , no matter liquid or solid phase, solid particles are greater; the proportion is the greater, therefore, the changes of dynamic pressure is more slower; small proportion of the particle size is easy to change, and the spiral section of the centrifugal transition after dynamic head decreased at first and then increased. There are larger changes. Hydrostatic head changes of the liquid and solid is the same trend. When the medium is large particles, the hydrostatic head of the pump changes is slower than the small particles. The same speed gives the big size obtained a higher energy. Therefore, the increased value of diameter of 1 mm is larger than the diameter of 0.076 mm (Figure 13 ). Figures 14(a) and 14(c) it can be seen, concentration in centrifugal section of spiral centrifugal pump is higher, and the dynamic pressure head of liquid is larger. The dynamic head change of liquid phase in elsewhere is similar. Due to the increasing concentration, solid phase proportion increases, the dynamic pressure head has bigger change, small volume concentration speed changes easily, and so the changes of dynamic pressure head are obvious under the action of the impeller.
The Influences of the Concentration of Solid Phase in Two-Phase Flow Medium on Energy Conversion. From
From Figures 14(b) and 14(d) it can be seen that, on the liquid hydrostatic head, in a helical section, the coupling of the liquid of small solid volume concentration and solid phase is better. In the centrifugal section, due to the sudden change of velocity direction, the inertia of the large volume Advances in Mechanical Engineering concentration of solid phase is large, static pressure heads are not easy to change, and the small volume concentration of solid phase is just the opposite; due to the axial velocity shift to the radial velocity in the transition section, there has been large energy loss and static pressure head has dropped suddenly. The changes of the small volume concentration of solid phase are similar to the changes of water; the inertia of the large volume concentration of solid phase is large; when volume concentration of solid phase is 60% in simulation, the state changes is smaller, static head only weak increasing.
Conclusions
(1) In the process of screw centrifugal pump impeller power, the spiral section hydrostatic head and the dynamic pressure head increase the overall trend positively, whereas the centrifugal section has larger fluctuation. At the maximum radius, static head reaches the maximum, which explains that the pressure of screw centrifugal pump is mainly generated by the spiral segment; spiral segment of impeller front plays a role of multilevel increasing energy, which explains that the work of impeller is mainly provided by spiral section.
(2) When the particle size is relatively small, at the same time, volume concentration is enough big, the two flow coupling of solid phase (secondary phase) and liquid (host phase) is very good, velocity slip phenomenon is not obvious. (3) Allow one line off space between the table or figure and the adjacent text. (4) The coupling of the solid phase (secondary phase) and liquid phase (main phase) of two-phase flow is very good, and the phenomenon of velocity slip is not obvious. When the convey medium is the sandwater two-phase flow, the solid-phase particle size is relatively small, and a volume concentration is large enough. 
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